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INTRODUCTION
It has been well established that tyrothricin has several advantages over peth-
cillin for topical use; important among them is the stability of tyrothricin, both
at room and at body temperatures. This property assures continuous activity
of the antibiotic when it is left on the skin for a prolonged period of time. Com-
pared with gramicidin, which is one of its two components, tyrothricin has a
greater surface activity because of the presence of tyrocidine, the second com-
ponent, which effects stronger adherence to the tissue.
In a comparative study on the antibacterial action of the newer remedies, S. J. Crowe (1)
states that "sensitive bacteria are killed within an hour by tyrothricin, but the action of
penicillin (1:20) is at least six times as long." A concise review of the most important
biologic and antibacterial properties of tyrothricin has been written by R. J. Dubos and
R. D. Hotchkiss (2) who point out the "marked bactericidal effect of tyrocidine on both
gram-positive and gram-negative species", and the inhibitory effect of gramicidin on the
growth of "practically all gram-positive bacterial species so far tested". C. H. Ram-
melkamp (3) has observed sterilization and healing of localized infections under treatment
with tyrothricin, if the infections were caused by Streptococcus haemolyticu.s, Staphylococcus
aureus, or Streptococcus faecalis. His cases included 12 patients with chronic ulcers of the
skin, most of which were haemostatic ulcers. The bactericidal concentration of tyrothri-
cm, determined by this author in his study on the relative susceptibility of various patho-
genic bacteria, is 0.0018 mg. per cc. for Pneumococcus; 0.0022 mg. per cc. for Str. haemoly-
ticu8; 0.03 mg. per cc. for Str. faecalis; and 0.179 mg. per cc. for Staph. aureus.
Other investigators (4, 5) have also reported favorable results of the use of tyrothricin on
infected wounds and ulcerations. Most recently, H. E. Anderson (6) obtained favorable
results in fifteen of twenty patients by the application of compresses soaked with a suspen-
sion in alcohol plus water which was prepared freshly before each application. Ten of these
cases had hemostatic conditions, the others various other infected lesions of the skin.
The object of the present investigation was to study the clinical response of a
variety of pyodermic conditions to tyrothricin in a vehicle that enhances penetra-
tion. It was possible to obtain a true, comparatively concentrated, and stable solu-
lion of the antibiotic in a largely aqueous vehicle, similar to the vehicles used
previously in conjunction with certain chemicals and drugs; the properties of
these solutions have been described in several publications (7—14).
For our purpose it was important to have not only a stable, but also a mild,
nonirritating solution; therefore, all potentially irritating factors in the vehicle
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were reduced to the minimum. After extensive trials, the following composition
was found most adequate:
1.0 gm. Sodium mixed alkyl benzene sulfonate,2
0.10 gm. tyrothricin,
10.0 gm. propylene glycol,
88.9 gm. dist. water.
The clinical results reported below were obtained with the above formula.
EVIDENCE OF PENETRATION INTO TEE SKIN
A number of experimental methods have been employed to demonstrate the
penetration into the intact skin of chemicals incorporated in the liquid base
"Intraderm"; these methods have been presented in previous publications (7—
12). However, still another method was used in this investigation.
After intravenous injection of fluorescein (15) the normal fluorescence of the skin of
man and rabbits under filtered ultraviolet radiation exhibited characteristic alterations in
those areas which were inuncted with certain chemicals dissolved in a vehicle capable of
affecting penetration. For example, when histamine phosphate was added to the vehicle,
an intensified fluorescence appeared in wheals within the inuncted area, indicating vascular
dilatation and increased transudation as a result of the penetration of histamine. Con-
trarily, with adrenalin chloride in the vehicle, the inuncted area showed less than normal
fluorescence because of vasoconstriction.
The results of these experiments, and of the experiments described in earlier reports,
suggested the possibility of carrying tyrothricin, too, into the skin by means of the base
employed for its solution.
TECHNIC
1. The solution was applied by inunction with the smooth end of a glass rod in the manner
previously described (13). Each application required from three to five minutes, and the
liquid was not wiped away. The solution is colorless, is absorbed or dries almost imine-
diately, and does not leave an unpleasant appearance. One to five applications were
made daily, depending on the disease and the circumstances of the case.
2. The solution, diluted or undiluted, was applied as a continuous wet dressing when
there was exudation, or considerable inflammation or induration. One or two layers of
linen, or similar material, were saturated either with the undiluted solution, or with a
dilution of one volume part of the solution to one or two volume parts of tap water, which
had first been boiled and allowed to cool. These dilutions could be prepared in advance and
left indefinitely, since they too were stable. The compresses were covered with waxed
paper over which a thin layer of cotton was spread, and the dressings were kept in place by
means of gauze bandages. The dressings were renewed about every three hours during the
day and remained in place overnight.
3. Combined treatment, with inunctions by day and wet dressings during the night,
was carried out by patients who were unable to apply the compresses during the day.
21t is necessary to use this generic designation since the nature, number, and position of
the alkyl groups attached to the beuzene nucleus are not yet known. These properties are
being ascertained; but until more exact information is available, the present term is used
in accordance with the routine followed in chemistry at this point for similar compounds.
The sodium mixed alkyl benzene sulfonate and the solution designated Intraderm Ty-
rothricin Solution are supplied by Wallace Laboratories, Inc., New Brunswick, N. J. "In-
traderm" is a trademark of this company.
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DISEASES TREATED
Thus far, the diseases selected for treatment comprised chiefly those character-
ized by pyogenic infection in and around the hair follicles. They include various
froms of acne, sycosis vulgaris, furunculosis, carbuncles, abscesses, folliculitis and
ulerythema sycosiforme (lupoid sycosis). Combined treatment with the tyro-
thricin solution and "Sulfur Intraderm Solution" (13) was applied in a selected
group of acne patients. In a number of cases the treatment with tyrothricin was
employed as a preventive measure, e.g. after electrocoagulation of hypertrophic
postacne scars, or after removal of superfluous hair with galvanic or high fre-
quency current when there was a tendency to pustulation. In addition, four
patients with extensive impetigo, and ten with hemostatic dermatitis (varicose
complex) with ulcers, were subjected to the treatment.
Although the time of observation has been rather short and the number of pa-
tients relatively small, the uniformity of the clinical results prompts us to make
this preliminary report in order to encourage others to similar trials which will
furnish a more comprehensive evaluation.
CONTROLS AND COMPARATIVE TRIALS WITH OTHER SOLUTIONS
A control group of patients with acne was treated with the blank liquid vehicle,
without tyrothricin, to compare the results.
Furthermore, tyrothricin was used in alcoholic liquids without the inclusion of
sodium mixed alkyl benzene sulfonate. One of these preparations was a 0.1%
suspension of tyrothricin, obtained by the addition of 19 volume parts of water to
one volume part of a 2% stock solution of tyrothricin in 95% ethyl alcohol. This
dilution was prepared freshly by the patients for each application. Another
0.1% solution, which was stable, was dispensed in propylene glycol. These
liquids were applied by glass rod inunction in the manner described. They were
used in several cases of acne, folliculitis, and sycosis vulgaris.
SIDE EFFECTS
No serious ill effects of any kind were observed. There was not a single case of
dermatitis caused by the treatment. A slight desquamation was sometimes
seen after intensive applications, or a dryness such as follows the application of
lotio alba. This dryness was occasionally associated with mild erythema. The
treatment had to be interrupted in only one case, a boy with furunculosis whose
dressings with the undiluted solution were discontinued because of "soreness";
but even in this case glass-rod inunctions could be resumed after five days.
None of the patients showed allergic manifestations, and none was sensitized.
ANTIPHLOGISTIC ACTION
Not only was the solution almost entirely free from irritating properties, but
after application of the wet compresses, especially when diluted, a soothing and
antiphiogistic action was evident on acute inflammation. This effect apparently
results from the astringent properties of the liquid. None of the other "Intra-
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derm" solutions used in therapy up to the present had this soothing quality, and
no other could be applied as wet dressings.
RESUI/S
A compilation of the therapeutic results yields the following data.
Acne vulgaris—various ages and clinical types. Considering the relatively short
period of usage, and the stubborn character of most cases selected, the results
(s. table A) compare favorably with those obtained with other remedies. The
average time of treatment before the lesions cleared completely was 4.6 weeks;
the shortest time required was 1 week, the longest 20 weeks.
This beneficial effect is not merely due to antibacterial action. Not only
comedos and superficial, apparently uninfected sebaceous retentions have sub-
sided under the treatment, but even large and deep seated cysts became unno-
ticeable, or distinctly smaller. These larger cysts responded better to application
of the solution with wet compresses than to inunction, and best to dressings with
the undiluted liquid.
TABLE A
Acne vulgaris—various ages and clinical types (papular, pustular, seborrhoic, cystic
and scarring)
NUMBER OP PATIENTS
Free of active lesions Distinctly improved
No. % No.
Total, 112, treated for 1—20 weeks
Of these, 100, treated for 4 weeks and
longer
60 53
57 57
52 47
43 43
We have found "Intraderm-Sulfur Solution" (13) to be more quickly effective
in acne, but that the tyrothricin solution has the advantage of being much
milder. We believe that the latter will be found useful in those cases of acne
which are complicated by some other inflammation, or by irritability of the skin.
An additional advantage is that the tyrothricin solution does not show, as we
have already mentioned. Moreover, it may be used as a so-called powder-base
beneath face powder.
Recently we found it expedient to combine the different properties of "Intra-
derm-Sulfur Solution" and of the "Intraderm Tyrothricin Solution" and treat
acne with both preparations. Forty-one additional patients with very severe
forms of acne (cystic, seborrheic, etc.) were treated with rapid success, and
without irritation from the sulfur solution, by alternating inunctions of the two
liquids, i.e., by substituting the "Intraderm-Sulfur Solution" for the tyrothricin
solution 2,3, or more nights of the week. TJpto the present, 19 of the 41 patients
have shown complete freedom from active acne lesions, after an average of five
weeks of combined treatment.
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It is probable that more "cures" may be achieved both by tyrothricin solution
alone and by the combined method, by using longer periods of treatment, such as
are employed with other acne remedies.
OTHER DERMATOSES
Sycosis vulgaris (s. Table B). The results may be considered favorable if the
comparatively short duration of treatment is borne in mind. Most of the ad-
vantages which were discussed under acne, in particular the almost complete
absence of irritation, apply to the treatment of the very resistant sycosis vulgaris
as well.
Ulerythema sycosiforme (lupoid sycosis—see photographs) (3 cases). Prompt
and continuous improvement of three patients with this recalcitrant, uncommon
disease is of considerable interest (figs. 1—3). Since its cause is unknown, we
are unable to decide whether the disease was directly influenced by the treatment,
or whether improvement was caused by the action of the remedy on secondary
infection.
TABLE B
Sycosis cut garis patients (16 cases)
NI7MBER OF PATIENTS
Free of active lesions Distinctly improved
No. % No. %
Total, 29, treated for 1—32 weeks
Of these, 21, treated for 4 weeks and
longer
13 45
12. 57
16 55
9 43
Furuncles, carbuncles, abscesses (10 cases). The deep-seated large pyodermic
lesions (furuncles, carbuncles, infected atheroma, and axillary abscesses) showed
rapid improvement, and ultimate cure after one to three weeks of treatment.
Folliculitis (20 cases). Four of these patients had frequently recurring and
rather deep-seated pustules on the neck which had resisted many other forms
of treatment for several years. The other patients had a disseminated follicular
infection of the bearded area, trunk, or extremities. All lesions responded
rapidly to applications of the tyrothricin solution, but 6 of 14 males with fol-
liculitis barbae were not yet completely cleared of relapsing lesions within a
treatment time of 6 weeks or less. (These results, and the observations in
sycosis vulgaris together with the lack of irritancy and low sensitizing potential
suggest that the remedy will make a good after-shave lotion.)
Dermatitis papillaris capilliti (4 cases). These patients who had suffered for
5 months to 10 years from this stubborn condition, and who were unsuccessfully
treated with x-ray, penicillin, and sulfonamide salves throughout that time,
responded to compresses with the 50% diluted tyrothricin solution so well that,
within 2 to 7 weeks, no fresh lesions appeared, and all pustulation ceased; but
the nodules, though considerably reduced in number, size and redness, persisted.
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Impetigo contagiosa (4 cases). Four cases of extensive impetigo contagiosa
(2 caused by streptococci, 2 by streptococci plus staphylococci) were promptly
healed under the wet compresses.
Hemostatic ulcers (varicose ulcers) (10 cases). Our limited experience with the
use of the tyrothricin solution on varicose ulcers is encouraging, since com-
Fio. 1. IJLERYTIIEMA SvcosiFosua IN A PATIENT 53 YEARS OF' AGE
Condition present for 16 years. Previous treatments by several specialists, in various
hospitals and clinics, during last 10 years in N. Y. Skin and Cancer Unit: Many salves,
including penicillin ointment, full series of x-rays, injections of tuberculin, and later of
penicillin, all without substantial benefit.
presses wet with the diluted solution effected healing of indolent, large and
small, infected ulcers in 7 of the 10 patients after 3 to 6 weeks. The other 3
cases improved after 2 to 7 weeks, and are still under treatment. (This ob-
servation was confirmed in a personal communication by Dr. E. W. Abramowitz,
who has obtained good results in infected chronic ulcers by the use of the solu-
tion.)
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Preventive value (40 cases). Observations on the effect of the preparation after
the electrocoagulation of postacne scars and after hair removal with high fre-
quency current in areas exposed to follicular infection, indicated the prophylactic
value of the solution. Without adequate preventive measure pustules are liable
to appear at the sites of traumatism, and it is desirable to have a nongreasy mild
remedy to prevent their occurrence.
Fra. 2. SAlvE PATIENT SHOWN IN FIG. 1, AFTER 3 MONTHS OF TREATMENT WITH TYEOTHRIcIN
SOLUTION APPLIED WITH COMPRESSES AND BY INUNcTION
COMPARISON WITH THE EFFECTS OF THE BLANK CONTROL VEHICLE AND OF OTHER
TYROTHEICIN SOLUTIONS
Fifteen patients (pustular acne, folliculitis, sycosis vulgaris) received control
treatments with the blank vehicle, or with tyrothricin in the simpler alcoholic
liquids (see p. 00). In addition to its lesser effectiveness the ethyl alcohol
solution used as one of the controls had the great inconvenience of having to be
freshly diluted with water by the patients, since addition of water to this solution
produces an unstable suspension. Fourteen of the fifteen patients using control
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solutions demanded a more effective remedy after two or three weeks; even though
one patient with acne had obtained a slight improvement in the third week of
treatment. (It was then discovered that this patient was diluting the stock
solution of tyrothricin in ethyl alcohol with only one third of the prescribed
quantity of water, i.e., was using a 0.3% tyrothricin suspension instead of the
0.1% concentration used in the new vehicle). In only a single case was con-
FIG. 3. SAME PATJENT SHOWN IN FIGS. 1 AND 2, AFTER 5 MONTHS OF TREATMENT WITH THE
TYEOTHEICIN SOLUTION. PATIENT HAS SHOWN COMPLETE DISAPPEARANCE OF ALL HIS
LESIONS, SINCE THIS PICTURE WAS TAKEN. EVEN SOME PIGMENTATION AND HAIR
GEOWTH HAVE REAPPEARED IN THE ATROPHIC AREAS
tinuation of the "control" treatment justifiable. This was in a patient with a
mild sycosis vulgaris who began to show improvement after three weeks of
inunction of the tyrothricin solution in propylene glycol.
5UMMARY
1. A stable 0.1% solution of tyrothricin was obtained in a vehicle capable of
enhancing penetration into the skin.
I
Mc
- t
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2. This solution has been applied in various skin diseases either by inunction
with the rounded end of a glass rod, or in the form of wet compresses or both.
The full-strength solution was used, as well as dilutions with one or two volume
parts of boiled tap-water. The preparation was found nonirritating. The wet
dressings even showed an astringent and soothing action on inflamed areas.
3. There was favorable clinica' response in 232 patients with various skin
diseases caused or complicated by pyogenic infection. Most of the diseases
treated were those involving the hair follicles.
4. Among the 232 cases there were 112 patients with various types of acne
vulgaris. Favorable results were obtained in all of these.
5. In 41 additional patients with severe acne, combined use of the tyrothricin
solution and of "Intraderm-Sulfur Solution" was efficacious, and caused no
irritation.
B EBLIOGRAPHY
(1) CR0wE, S. J.: The local use of sulfadiazine solution, radon, tyrothricin and penicillin
in otolaryngology. Ann. Otol., Rhinol. & Laryngol., 53: 227, 1944.
(2) Dusos, H. J., AND HoTcaKIss, H. D.: Origin, nature and properties of gramicidin
and tyrocidine. Tr. & Stud., Coil. Physicians, Philadelphia, ser. 4, 10: 11, 1942.
(3) RAMMELKAMP, C. H.: TJse of tyrothricin in the treatment of infections; clinical studies.
War Med., 2: 830, 1942.
(4) KVALE, W. F., BARKER, N. W., AND HERRELL, W. E.: The use of tyrothricin in the
treatment of ulcers of the extremities due to peripheral vascular disease. M. Clinics
North America, 28: 849, 1944.
(5) RANKIN, L. M.: The use of tyrothricin in the treatment of ulcers of the skin. Am.
J. Surg., 65: 391, 1944.
(6) ANDERSON, H. E.: Tyrothricin in cutaneous infections. Arch. Dermat. and Syph.,
53: 19, 1946.
(7) HRRRMANN, F., SULZBERGEN, M. B., AND BARR, H, L.: New penetrating vehicles and
solvents. Science, 96: 451, 1942.
(8) MACKEE, G.M., HERRMANN, F., BARR, R. L., AND SULZBRRGER, M. B.: Demonstratiüg
the presence of sulfonamides in the tissues. Science, 98: 66, 1943.
(9) MACREx, G. M., HERRMANN, F., BARE, H. L., AND SULZBERGER, M. B. :A histochemical
method for demonstrating the presence of sulfonamides in the tissues. J. Lab. &
Clin. Med., 28: 1642, 1942—1943.
(10) MAcREx, G. M., SULZBRRGER, M. B., HERRMANN, F., AND BARR, R. L.: Histologic
studies on percutaneous penetration with special reference to the effect of vehicles.
J. Invest. Dermat., 6: 43, 1945.
(11) HERRMANN, F., SULZBERGRR, M. B., AND BARE, R. L.: Penetration of allergens into
the human skin. New York State J. Med., 44: 2452, 1944.
(12) HRRRMANN, F.: Introduction of allergens into the skin by inunction with "Intraderm",
Part I. Annals of Allergy, 3: 431, 1945; Part II, ibid. in press.
(13) MAcKER, G. M., WACHTEL, J., Kuu', F. L., AND HRRRMANN, F.: The evaluation of
"Intraderm sulphur" for acne vulgaris. J. Invest. Dermat., 6: 309, 1945.
(14) MAcKEE, G. M., Herrmann, F., AND KARP, F. L.: A new treatment for anthropophilic
tinea tonsurans (microsporon audouin); a preliminary report. J. Invest. Dermat.,
7: 43, 1946.
(15) LANGE, K., AND BOYD, L. J.: The use of fluorescein to determine the adequacy of the
circulation. M. Clin. North America, 26: 943, 1942.
